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10 CFU/g & PHS Serotypes Adulteration Proposal

64678 Federal Register/Vol.

A August 7, 2024Federal Registel(FR89: 6467864748 ;

FSIS2023-MMZ=Z Y b WWGe HGRHCc qRY U WY n WWBE ¢

nY!l WA ¢ s Upoposed mle and-detérmination.

A Raw chicken carcasses, chicken parts , comminuted
chicken, and comminuted turkey are adulterated if they

9 CFR Part 381

[Docket No. FSIS-2023-0028]

RIN 0583-AD9%6

Salmonella Framework for Raw Poultry

Products

AGENCY: Food Safety and Inspection
Service (FSIS), U.S. Department of

contain anySalmonellag WUINML9 [ Oo NANDBAUI [ Oo O x W |§micrss.ve

detectible level of aSalmonellaserotype ofpublic health

significance (PHS) for that commodity.
U Proposed Chicken PHS serotypestnteritidis,
Typhimurium, and 1,4,[5],12:1:.
U Proposed Turkey PHS serotypesiadar, Typhimurium,
and Muenchen

ACTION: Proposed rule and Proposed

Determination.

DEPARTMENT OF AGRICULTURE
Food Safety and Inspection Service

Muenchen. These are the most highly
A —— 4

seq.). Specifically, FSIS has tentatively
determined that raw chicken carcasses,
chicken parts, comminuted chicken,
and comminuted turkey are adulterated
if they contain any type of Salmonella
at or above 10 colony forming units/per
milliliter or gram (10 cfu/mL(g)) in
analytical portion (i.e., mL of rinsate or
am of product) and contain an
gl;etectab e level of at least one of the
Salmonella serotypes of public health
significance identified for that
commodity. The proposed Salmonella
serotypes of public health significance
identiged for raw chicken carcasses,
chicken parts, and comminuted chicken
are Enteritidis, Typhimurium, and I
4,[5],12:i:-, and for raw comminuted
turkey are Hadar, Typhimurium, and
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Adulteration Threshold: Salmonella ¥ WUIN W9 [ OoNLW A
Stuffed Chicken Products

A May 1, 2024 publication inFederal Registef(FR89: 3503335053 ; FSIS | Toon et sndinepacion service

[Docket No. FS15-2022-0013]

2022-MMN O b WLWY n WbE ¢ G TorBatiBieddedBtufied) QAR | samoneia not Ready-ro-eat sreaded

Stuffed Chicken Products

Al Y1 efisaideterthination active on May 1, 2025. AGENCY: Food Safoty and Inspection

Service (FSIS), U.S. Department of
Agriculture (USDA).

P ACTION: Final determination and

A Not ready-to-eat breaded stuffed chicken products that contain response to comments.

SUMMARY: F5IS is announcing its final

Salmonella at levels of 1 Colony Forming Unit per gram (CFU/g) or high{ determination that not ready-o-cat

e ) ) [NR&TE]' bl;iaded stuffed c]:rhickeeﬁ

cts that tain S t
are adulterated within the meaning of the Poultry Products Inspection | produs thatcontain Salmenela x
gram (hereinafter, “1 CFU/g") Dr];ligher
ACt . are adulterated within the meaning of
the Poultry Products Inspection Act
(PPIA). FSIS is also announcing that it
~A . . o e .. | intends to carry out verification
AACNIUWOPMPMUWB[ Ef E Ws Rricdmiigtchighk@n] F a) LY O b i mopli oo
components used tcéﬁemduce NRTE

component from the establishment to analyze 325 grams per test for | breaded stuffed chicken products prior

to stuffing and breading.

E C G CI Y L”J IJ CI CI C .ﬂl G:) DATES: This final determination will be

effective on May 1, 2025.




Al Other Rationales for Salmonella Quantification

A Risk assessments.

A Ma
20z
Al

A Process control.

A Performance standards.

A Nol
Sal
are
Act

A Ac
component from the establishment to analyze 325 grams per test for
Ecad0YUWDGGce gCo
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~ tesung o me raw incoming chicken
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'AGRICULTURE

1spection Service
122-0013]

rady-To-Eat Breaded
roducts

ty and Inspection
. Department of
.

‘mination and
mts.

mnouncing its final
not ready-to-eat
affed chicken

iin Salmonella at
Forming Unit per
“1 CFU/g") Dr]l::ligher
hin the meaning of
ts Inspection Act

» announcing that it
t verification

ing sampling and

components used to Emduce NRTE
breaded stuffed chicken products prior
to stuffing and breading.

DATES: This final determination will be
effective on May 1, 2025.




lts All Probability

A How much confidence do | have in the results?
A What are the inherent uncertainties in the results?
A What do the results mean?
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Evaluation of Methods for Identifying Poultry Wing Rinses With Salmonella
Concentrations Greater Than or Equal to 10 CFU/mL

John W. Schmidt™*, Anna Carlson ”, Joseph M. Bosilevac?, Dayna Harhay “, Terrance M. Arthur a,d,1
Ted Brown”, Tommy L. Wheeler?, Jessie L. Vipham ©
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Original Objective
Compare accuracies of 3 methods for quantifying Salmonella in inoculated post -chill two -joint turkey
wing BPW rinsates
A MPN quantification.

U Gold Standard.
U No hard Lower Limit of Quantification. For this study 0.11 MPN/mLT0.96 log MPN/mL.

A GENEUP quantification ( AOAC International Performance TestedS Certificate No. 061801).
U Lower Limit of Quantification = 10 CFU/mL = 1.0 log CFU/mL.

A BAX guantification (AOAC International Performance TestedSM Certificate No. 081201 ).
U Lower Limit of Quantification =1 CFU/mL = 0.0 log CFU/mL.

Method Time to Result Financial Cost Technical Burden Notes
MPN 24D Verv High Verv Hich Gold Standard
Quant. ays erynie erynie since 1950s
GENE-UP ~ 4 hours Medium High AOAC Certified
Quant.
BAX . . .
= 10 hours Medium Medium AOAC Certified
Quant. 10




Salmonella Inocula

A Nutrient starved & cold stressed by incubation for in Phosphate Buffered Saline (PBS) af@ for 18 to 22 hours.

TABLE 1. Salmonella strains used to inoculate poultry rinses

Strain Isolated

label Serotype Strain from Used to inoculate TABLE 4. Salmonella stock concentrations used to inoculate turkey rinses.
S1 Infantis 0895-1 Turkey Turkey wing rinses log CFU/mL
S2 Senftenberg 0567-1 Turkey Turkey wing rinses Level N Mean STD Median Min Max
S3 Schwarzengrund 0841-1 Turkey Turkey wing rinses VH 12 448 0.09 449 4.33 4.62
S4 Reading 0567-2 Turkey Turkey wing rinses H 12 3.46 0.10 347 3.27 3.60
S5 Typhimurium 0105-2 Chicken  Chicken wing rinses M 12 2 45 0.11 2 .45 222 263
S6 Kentucky 0148-2 Chicken  Chicken wing rinses L 12 1.44 0.09 143 1.29 1.55
S7 Enteritidis 0675-1 Chicken  Chicken wing rinses
S8 Infantis 1159-1 Chicken  Chicken wing rinses

All strains were isolated by Dr. Dayna Harhay from Food Safety and Inspection

Service samples collected between 2020 and 2022.

TABLE 5. Salmonella stock concentrations used to inoculate chicken wing

rinses
log CFU/mL
Level N Mean STD Median Min Max
VH 12 4.62 0.15 4.65 4.29 4.79
H 12 3.60 0.14 3.64 3.31 3.76
M 12 2.61 0.14 2.63 2.36 2.82
L 12 1.60 0.17 1.68 1.22 1.79

11
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BAXQuantification Results

8 different Salmonella strains in Phosphate Buffered Saline atl ° C for 18 to 24 h

BAX Poultry equation based oiyphimurium ATCC 14028 iBrain Heart Infusion Broth at 37 C for 18 h.Applegate et al.

Foods 12:419 (2023).
Lag phase duration is significantly impacted by the sampled environment.
Doubling times vary between serotypes, and even between strains within a serotype.

Joumal of Food Frotection 87 (2024) 100168

Contents lists available at SciemceDirect Jf'-E)

Journal of Food Protection

journal homeapage: www._elsevier.com/locate/|fp

General Interest
Response to Questions Posed by the Food Safety and Inspection Service: m
Enhancing Salmonella Control in Poultry Products ==

The National Advisory Committee on Microbiological Criteria in Foods (NACMCF) *

Table B2
Summary of Approved Methods for Molecular Quantitation of Salmonella in Poultry Products (see individual suppler websites for updates)

bioMérieux Hygiena
Limitations Procedure is not the same as the standard qualitative method for  Individual curve per matrix requires validation when adding a new matrix (i.e., there are 20 curves today).
presence/absence. Culture based bias from the impact of natural microbiota and determination of lag and log phase for each strain)

Sample prep method requires centrifugation.

12




BAXQuantification Results

8 different Salmonella strains in Phosphate Buffered Saline at °C for 18 to 24 h

BAX Poultry equation based oiyphimurium ATCC 14028 iBrain Heart Infusion Broth at 37 C for 18 h.applegate et al.
Foods 12:419 (2023).

Lag phase duration is significantly impacted by the sampled environment.
Doubling times vary between serotypes, and even between strains within a serotype.

> D D

Table B2
summary of Approved Methods for Molecular Quantitation of Salmonella in Poultry Products (see individual suppler websites for updates)

bioMeérieux Hygiena
Limitations Procedure s not the same as the standard qualitative method for — Individual curve per matrix requires validation when adding a new matrix (i, there are 20 curves today).
presence/absence. Culture based bias from the impact of natural microbiota and detemination of lag and log phase for each strain|

Sample prep method requires centrifugation.

13
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Impact of Doubling Time On Population Size

Food Microbiology 93 (2021) 103615

Contents lists available at ScienceDirect

Food Microbiology

|

ELSEVI

Gt

ER journal homepage: www.elsevier.com/locate/fm

Rapid estimation of Salmonella enterica contamination level in ground beef
— Application of the time-to-positivity method using a combination of
molecular detection and direct plating

Dayna M. Harhay , Margaret D. Weinroth, James L. Bono, Gregory P. Harhay,
Joseph M. Bosilevac

United States Department of Agriculture, Roman L. Hruska U.S. Meat Animal Research Center, Meat Safety and Quality Research Unit, Clay Center, NE, 68933, USA

L)

Check for
updates

Table 1

Salmonella strains used and average growth rates observed in GBE and mTSB at 42 “C. DT is doubling time in min;
Delta (A) DT is the difference in DT between mTSB and GBE. A two-tailed, unpaired t-test of statistical signifi-
cance, with P < 0.05 defined as significantly different, was used to evaluate differences in mean DT for fast and
slow growing strains. Common superscripts (¢ - g) indicate values evaluated and outcomes as listed in the foot-

notes below.

Isolation DT (min) at 42°C*
Serotype Strain Source GBE (SD) mTSB (SD) obT
Newport N39 Bovine 13.4 (1.04) 17.9(0.53) 4.5
Enteritidis 95-14327 Human 14.2 (2.01) 19.8(0.25) 56
— Anatum A29 Bovine 15.1(0.99) 18.9(0.53) 3.8
% Typhimurium (1,4,[5],12:i:-) 3-H79 Bovine 16.2 (0.88) 20.2(1.18) 4.0
w Typhimurium® T36 Bovine 16.5(1.17) 20.3(1.18) 3.8
Anatum 08-1092 Human 16.6 (0.23) 19.0(0.56) 24
Montevideo 2012K-1544 Human 16.8 (0.87) 19.8 (0.52) 3.0
Average 15.5% (1.58) 19.4% (1.06) 3.9¢
Newport 2010K-2159 Human  17.2(1.31) 196 (0.72) 2.4
Enteritidis 95-2876 Human 18.5(1.34) 224 (2.21) 3.9
g Dublin SM73-2 Bovine 19.3 (1.00) 214 (0.58) 2.1
Y Dublin 5-75-E Bovine 19.3 (0.98) 20.9(1.34) 1.6
“ Newport N17 Bovine 19.9(1.09) 19.0(0.42) -0.9
Montevideo® HO6 Human 20.6 (1.27) 20.6 (1.85) 0.0
Typhimurium 14028S Human 22.9(2.08) 26.9(1.96) 4.0
Average 19.5% (1.95) 21.4% (268)  1.8°

# Average TO inoculum was 0.89 CFU/g (95% CI =0.69 - 1.08)
® Salmples incubated at 37°C not 42°C
Two-tailed, unpaired t-test of statistical significance with P < 0.05 defined as significantly different.

Common superscript indicates values evaluated and outcome as follows: ° Yes, P < 0.0001; dYes, P =

0.0358; °Yes, P =0.0004; 'No, P = 0.0632; ?Yes, P = 0.0272

14




Impact of Doubling Time On Population Size

A Assumed 2hour lag time for both strains.

CFU/mL

(o2}

Salmonella lo

Doubling Time Impact on

Imonell ncentration

—# Typhimurium 14028S (Dt = 22.9 min)
—— Newport N39 (Dt = 13.4 min)

A 20 CFU/mL initial conc.
A 6-hour Salmonella concentrations:

U Newport N39 = 6.69 log CFU/mL
U Typhimurium = 4.46 log CFU/mL

u 2.24 log CFU/mL difference

Poker Sympathy

(193) : Casius Coolidge
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A Brief Aside on Units
A CFU/mL = Colony Forming Units per mL. Agar Plating.lU9 [ OLIH WN WH I G T O

A MPN/mL = Most Probable Number per mL. Multiple Cultures and Dilutions! L~ A  WH WN WH1J T |

A What units should be used withBAX quantification & GENE-UP quantifications?
U Concentrations based on linear regression of Ct/Cp values to CFU values.

U Linear Regression Estimated Units or LREU/mL.
U NWx AEOWHWNLWHIJG GO

Assumed that 1 Sal. CFU/mL = 1Sal. MPN/mL = 1Sal. LREU/mL = 1Sal. cell/mL

Estimates (proxies, surrogates, stand -ins, indicators, representatives, etc.)
of the number of viable Salmonella cells.

c Ys We HOUR@pIL W9 G 0 WOURqWAINGI 13t DUgc qR21Jo

16




Most Probable Number Quantification
A 3-tube, 4-dilution MPN.

g value
MPN/mL Range Dil. 1 Dil. 2 Dil. 3 Dil. 4
Very High 11 to 37,000 0.027 0.0027 0.00027 0.00003
High 1.1 to 3,700 9.27 0.027 9.0027 0.0003
Medium, Low, Very Low 0.11 to 370 2.7 0.27 0.027 0.003

T T A L R
- T— - SR MPN BLOCK (M, L, VL, & NC)
T ——.

—————
1 2 | 3 | a4 | s 6

A

B 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
C 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
D 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
E

F 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
G 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
H 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml

17




Most Probable Number Quantification
A 3-tube, 4-dilution MPN.

Sample MPN BLOCK

1 2 3 4 5 6 |
A 3mL#1 3mL#1 3mL#1 3mL#2 3mL#2 3mL#2 > 300Ul
B 2.7 mi 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 300uL
C 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml <—-:
D 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml > 300uL

E 3mL#3 3 mL#3 3mL#3 3mL#4 3mL#4 3mL#4
F 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml 2.7 ml
G 2.7 ml 2.7 mi 2.7 ml 2.7 mi 2.7 ml 2.7 mi
H 2.7 mil 2.7 mi 2.7 ml 2.7 mi 2.7 ml 2.7 mi




Most Probable Number Quantification
A 3-tube, 4-dilution MPN. Incubate at 42°C for 18 to 24 hours.

Sample MPN BLOCK

1
2.7 ml#1

2
2.7 ml#l

3 4
2.7 ml#1 2.7 ml #2

5
2.7 ml#2

6
2.7 ml#2

0.27 ml#1

0.27 ml#1

0.27 ml#1 0.27 ml#2

0.27 ml#2

0.27 ml #2

0.027 ml #1

0.027 ml #1

0.027 ml#1 0.027 ml#2

0.027 ml #2

0.027 ml #2

A
B
C
D

E

0.003 ml#1
2.7 ml#3

0.003 ml#1
2.7 ml#3

0.003 mi#1 0.003 ml#2
2.7 ml#3 2.7 ml#4

F

0.27 ml#3

0.27 ml#3

0.27 mi#3 0.27 ml #4

0.003 ml#2

2.7 ml#4
0.27 ml#4

0.003 ml #2

2.7 ml#4
0.27 ml#4

G

0.027 ml #3

0.027 ml #3

0.027 ml#3 0.027 ml #4

0.027 ml #4

0.027 ml #4

H

0.003 ml#3

0.003 ml #3

0.003 ml#3 0.003 ml#4

0.003 ml #4

0.003 ml #4

g value

MPN/mL Range Dil. 1 Dil. 2 Dil. 3 Dil. 4

11 to 37,000 0.027
1.1 to 3,700 9.27
0.11 to 370 2.7

0.0027 0.00027
0.027 0.0027
0.27 0.027

0.00003
0.0003
0.003

Very High
High

Medium, Low, Very Low




Thank you USMARC Technicians !!

Julie Dyer
Frank Reno
Greg Smith
Kerry Brader
Sydney Brodrick
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Most Probable Number Quantification

Hygiena BAX Realime PCR Assa$almonella for
detection (12 reactions/sample. 8 samples/rack).

* Raw comminuted Turkey and Chicken: Add 325 g

nartinne tn AR5 ml BDW Hamananiza b hand ontil all

U hygiena

BAX® System Real-Time PCR Assay
Salmonella

KIT CONTENTS

Part KIT2006 (D14306040)  aie rcosmsocs it
AOA

RESEARCH INSTITUTE
N

hand massage until all clumps have been dispersed.
Transfer 30 mL of homogenate to a sterile filtered bag.
Add 30 mL of prewarmed (45°C) BAX® MP media plus 1
mU/L Quant Solution. Hand mix for 30 seconds and
incubate sample at 42°C for 6 hours for raw ground beef
and at 7 hours for raw ground pork. Incubate the
remaining original homogenate sample (375 g in 1,500
mL BAX MP) at 42°C for 18-24 hours for prevalence
testing.

Raw Beef Trim and Raw Pork Trim: Add 375 g portions
to 15 L prewarmed (45°C) BAX® MP media and hand
massage for 30 seconds. Incubate sample at 42°C for 6
hours. After pulling aliquot at the determined timepoint
for lysate creation, incubate the remaining original
homogenate sample at 42°C for 18-24 hours for
prevalence testing.

MicroTally on Raw Beef Trim and MicroTally on Raw
Pork Trim: Add one MicroTally cloth to 200 mL
prewarmed (45°C) BAX® MP media and hand mix for 30
seconds. Incubate sample at 42°C for 6 hours. After
pulling aliquot at the determined timepoint for lysate
creation, incubate the remaining original homogenate
sample at 42°C for 18-24 hours for prevalence testing.

ENRICHMENT PROTOCOL FOR MPN ESTIMATION

* Raw comminuted Turkey and Chicken: Homogenize 65
g samples with 585 mL BPW. Make 3-tube 5-dilution
MPN set representing 1 g, 0.1 g, 0.01 g, 0.001 g, and
0.0001 g of sample by setting up the following: For 1 g
sample dilution, fill 3 test tubes with 10 mL homogenate.
For 0.1 g sample dilution, fill 3 test tubes of 9 mL BPW
with 1 mL sample homogenate. For 0.01 g sample
dilution, fill 3 test tubes of 9.9 mL of BPW with 0.1 mL of
sample homogenate. For 0.001 g sample dilution, add
0.1 mL of sample homogenate to 9.9 mL BPW, then add
1.0 mL from this dilution to 3 tubes containing 9.0 mL
BPW. For 0.0001 g sample dilution, add 0.1 mL of
homogenate to 99.9 mL BPW, then add 1.0 mL from this

dilution fo 3 tubes containing 9.0 mL BPW. Incubate
tubes at 37°C for 24 hours. Continue with creation of
lysates for each incubated tube for prevalence testing.

Whole Bird Rinsates: Make] 3-tube 5-dilution MPN set
representing 1g, 0.1 g, 0.01 g, 0.001 g, and 0.0001 g of
sample by setting up the following: For 1 mL sample
dilution, fill 3 test tubes with 1 mL rinsate and 9 mL BPW.
For 0.1 mL sample dilution, fill 3 test tubes of 9 mL BPW
with 1 mL from previous sample dilution. For 0.01 mL
sample dilution, fill 3 test tubes of 9 mL of BPW with 1
mL from previous sample dilution. For 0.001 ml sample
dilution, add 1 mL from previous sample dilution to 9 mL
BPW. For 0.0001 mL sample dilution, add 1 mL from
previous sample dilution to 9 mL BPW. Incubate tubes at
37°C for 24 hours. Continue with creation of lysates for
each incubated tube for prevalence testing.

Raw Beef Trim: Homogenize 65 g samples with 585 mL
mTSB and hand mix for 30 seconds. Make 3-tube 5-
dilution MPN set representing 1g,0.1g, 0.01g, 0.001 g,
and 0.0001 g of sample by setting up the following: For
1 g sample dilution, fill 3 test tubes with 10 mL
homogenate. For 0.1 g sample dilution, fill 3 test tubes of
9 mL mTSB with 1 mL sample homogenate. For 0.01 g
sample dilution, fill 3 {est tubes of 9.9 mL of mTSB with
0.1 mL of sample homogenate. For 0.001 g sample
dilution, add 0.1 mL of sample homogenate to 9.9 mL
mTSB, vortex, then add 1.0 mL from this dilution to 3
tubes containing 9.0 mL BPW. For 0.0001 g sample
dilution, add 0.1 mL of homogenate to 99.9 mL mTSB,
then add 1.0 mL from this dilution to 3 tubes containing
9.0 mL mTSB. Incubate tubes at 42°C for 24 hours.
Continue with creation of lysates for each incubated tube
for prevalence testing.

Method Approved by AFNOR Certification

Test portions weighing more than 25 g have not been
tested in the context of NF VALIDATION.

For preparation of initial suspensions, follow instructions
of EN ISO 6579 and EN 1SO 6887 standards.

General Protocol for meat products (including meat with
spices or herbs), seafood, vegetable, pet food,
environmental samples: Homogenize 25 g sample with
225 mL pre-warmed BPW. Incubate at 37°C for 16-24
hours. Transfer 10 pL enriched sample to 500 pL pre-
warmed BHI broth. Incubate at 37°C for 3-4 hours.

Egg products: Homogenize 25 g sample with 225 mL
pre-warmed BPW. Incubate at 37°C for 18-24 hours.
Transfer 10 pL enriched sample to 500 pL pre-warmed
BHI broth. Incubate at 37°C for 3-4 hours.

Raw beef (short protocol): Homogenize 25 g sample with
225 mL pre-warmed BPW. Incubate at 41.5°C for 10-24
hours.

Raw Meats and raw seafood. Homogenize 25 g sample
with 225 mL pre-warmed BPW. Incubate at 37°C for 16-
20 hours.
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log MPN/mL

MPN Quantification Results

N =120 » | A Slope of 1 is ideal.
é;o-gz’; -0.01 2> | A Y-intercept of 0 is ideal.

A R2=0 completely useless.

RMSE = 0.34 ; . ; .
A R?2=1 linear equation perfectly explains the data.

YD YO \/Jr (*) (*3 P =2 (parameter estimates)
U U

| 1 1 I |
0 1 2 3 4

Inoculated log CFU/mL




log MPN/mL
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Inoculated log CFU/mL

MPN Quantification Results

TABLE 6. MPN quantitative discrepancy (QDwpn) of Salmonelia in poultry wing rinses

Inoculated rinse log QDwen (log CFU/mL)

CFU/mL range N Mean STD Median Min Max
3.00 to 3.99 24 -0.01 0.34 -0.04 -0.51 0.78
2.00 to 2.99 24 0.11 0.36 0.09 -0.56 0.91
1.00 to 1.99 45 0.05 0.34 0.04 -0.62 0.95
0.00 to 0.99 27 0.06 0.34 0.02 -0.45 0.74
0.00 to 3.99 120 0.05 0.34 0.01 -0.62 0.95

QDwpn = MPN log MPN/mL - inoculated rinse log CFU/mL

Pinched With Four Aces

(1903) |

Cassius Coolidge
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95% Cls

N =120
Mean 95% CI Range = 1.22 log

Median 95% CI Range = 1.24 log

Max 95% CI Range = 1.29 log
Min 95% CI Range = 0.85 log

. A CCo A RESE C C C A C C
AQ o 0 E S
pepa OT AQ C
MPN Quantification Results
Inoculated
rinse Low 95CI High
Salmonella Salmonel la log 95CTI log| 95 CI MPN
Rinse Type|Rinse Name QD oy log CFU/mL log MPN/mL MPN/mL MPN/mL Range Result
Chicken F-11 9.95 1.62 2.57 1.93 3.20 1.27 3-3-3-2
Chicken F-5 0.91 2.66 3.57 2.93 4.20 1.27 3-3-3-2
Chicken E-14 0.87 1.06 1.93 1.32 2.54 1.22 3-3-3-0
| Chicken E-1 0.78 3.79 4.57 3.93 5.20 1.27 3-3-3-2
Turkey C-5 0.77 2.43 3.20 2.56 3.85 1.29 3-3-3-1
Chicken E-23 0.74 0.79 1.53 0.91 2.15 1.24 3-3-2-0
Turkey A-15 9.64 9.29 9.93 9.32 1.54 1.22 3-3-0-0
Chicken F-15 0.61 1.32 1.93 1.32 2.54 1.22 3-3-3-0
Turkey A-2 9.58 3.62 4.20 3.56 4.85 1.29 3-3-3-1
Chicken D-24 0.56 0.59 1.15 0.54 1.76 1.22 3-3-0-1
Chicken D-6 9.53 2.40 2.93 2.32 3.54 1.22 3-3-3-0
Turkey A-16 0.52 0.41 0.93 0.32 1.54 1.22 3-3-0-0
Chicken F-21 9.51 9.69 1.290 0.56 1.83 1.27 3-3-1-0
Chicken D-11 0.49 1.44 1.93 1.32 2.54 1.22 3-3-3-08
Turkey A-9 0.47 1.46 1.93 1.32 2.54 1.22 3-3-3-0
Chicken D-13 0.47 1.46 1.93 1.32 2.54 1.22 3-3-3-08
Turkey C-16 -0.45 0.38 -0.07 -0.68 0.54 1.22 3-0-0-0
Turkey Cc-11 -9.49 1.22 9.73 0.20 1.26 1.06 3-2-1-0
Turkey C-4 -9.51 3.44 2.93 2.32 3.54 1.22 3-3-0-0
Chicken D-5 -9.56 2.76 2.20 1.56 2.83 1.27 3-3-1-0
Chicken D-12 -0.62 1.55 .93 0.32 1.54 1.22 3-3-0-0
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N =120
4 y=099 -0.01
R2=0.91
3 | RVSE =0.34

FP

log MPN/mL
i

-1 0 1 2 3 4
Inoculated log CFU/mL

TABLE 11. Proficiencies of quantification and threshold methods for identification of poultry wing rinses with
Salmonella concentrations = 10 CFU/mL

Method N TP FP FN TN Sens Spec PPV NPV FNR FPR Acc

MPN quantification 120 87 3 6 24 0.935 0.889 0.967 0.800 0.065 0.111 0.925
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pepa ent of AQ C
An Example of Most Probable Number Estimation
A Turkey Rinse AL1. Inoculated Sal.= 23 CFU/mL

H Calculator
Calculator

& Inoculum Amount

Enter the serial dilutions

Enter original inoculum amount (g or mL), number of test tubes, and number of positive tubes for each
dilution step. Inoculum amounts must be in descending order.

Results APEWRGEUHRILWAaG ¢ a LW
IS outside the range of 2.1 to 35
8.5 CFU/mL.

MPN /g

(&) Diagram, 10-fold

randomly distributed
() Diagram, 5-fold

Step 1
Inoculum Amount

i Directions and Notes

Number of Tubes Positive Tubes

@ BAM Appendix 2.7 3 3

AAIDHEYI T IJFadicNedHitvéd o

95% Cl: (2.1, 35)

Confidence limits are calculated using a
normal approximation to log(MPN)

1 References

i Changelog Step 2

Number of Dilution Steps

Confidence Level

95%

Cl Technique

Asympt. Lognormal

[Authors: M. Ferguson, J. Ihrie

App version: v1.5.0

Please email CESAN Biostatistics

Inoculum Amount

0.27

Step 3
Inoculum Amount

0.027

Step 4
Inoculum Amount

0.003

Number of Tubes
3

Number of Tubes
3

Number of Tubes
3

Positive Tubes
3

Positive Tubes
0

Positive Tubes

[ o

A Resultwas accurate within the
95% CI.

Bias-corrected MPN: 5.6

Recommend bias correction if total number
of tubes is less than 15.

MPN per 100 g: 850

Rarity Index: 1.00e+00

If Rarity Index < 1.00E-04, then outcome is
improbable.

https://pub -connect.foodsafetyrisk.org/microbial/ mpncalc/ 26




log MPN/mL

A Co
AQ 0
epa
N=120
y =0.99x -0.01
R?=0.91

RMSE = 0.34

FP

TN

FN

1

T
3

Inoculated log CFU/mL

Low High
Inoculated |Salmonella| 95CI 95CI
Rinse Name |Rinse Type| rinse CFU/mL MPN/mL MPN/mL | MPN/mL | Outcome
D-24 Chicken 3.9 14.1 3.5 57.5 FP
F-21 Chicken 4.9 15.8 3.6 B7.6 FP
E-23 Chicken B.2 33.9 B.1 141.3 FP
D-14 Chicken 13.5 B.5 2.1 34.7 FN
E-28 Chicken 15.1 B.5 2.1 34.7 FN
C-11 Turkey 16.6 5.4 1.6 18.2 FN
F-16 Chicken 21.4 B.5 2.1 34.7 FN
A-11 Turkey 22.9 B.5 2.1 34.7 FN
D-12 Chicken 35.5 B.5 2.1 [ PN |
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Depa s OT AQ s

Most Probable Number Diminishing Returns

Tubes per | Steps x Low 95% 95% ClI

Steps g values Step Tubes Outcome MPN/g Cl Hi9%%Cl| Size
4 2.7, 0.27, 0.027, 0.003 3 12 3-3-0-0 8.5 2.1 35 32.9
3 9.1, 90.05, 0.01 5 15 4-2-0 12 5.1 27 21.9
5 0.1, 0.08, 0.06, ©0.04, 0.02 3 15 3-2-1-0-0 10 4.4 23 18.6
3 9.1, 0.01, 0.001 10 30 7-1-0 12 5.6 24 18.4
3 0.1, 0.05, 0.025 10 30 8-2-0 10 5.7 18 12.3

A More Steps = Broader range of estimation.

A More Tubes = Greater resolution.
Calculated at https://pub -connect.foodsafetyrisk.org/microbial/ mpncalc/
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GENEUP Quantification

Published Lower Limit of Quantification 20 CFU/mL (no enrichment).

40 mL of rinsate, centrifugation, customized Promega Wizard genomic DNA
Isolation.

DNA pellet resuspended in 5QL.

5 uL of genomic DNA sample added to GENBP Salmonella reaction.

tPCR is used to determine the concentration cdalmonellain the rinsate.

4 technical repeats performed on each genomic DNA.

TABLE 7. Technical repeat differences for GENE-UP quantification (TRDgeneur) of Salmonella
concentrations in poultry wing rinses

Inoculated rinse N of N TRDgeneup
log CFU/mL range rinses BLQ N Mean STD Median Min. Max.
3.00 to 3.99 24 0 144 0.1 0.16 0.07 0.00 1.04
2.00 to 2.99 24 0 144  0.20 0.21 0.12 0.00 1.14
1.00 to 1.99 45 12 198 0.31 0.25 0.26 0.00 1.38
0.00t0 0.99 24 24 na na na na na na

N BLQ, number of rinses with at least one technical repeat with a below limit of quantification
or quantification negative result. STD, standard deviation of the mean. Min., minimum. Max.,
maximum. na, not applicable.
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N = 467
4y =069x+0.54
R?=0.79

3 |RMSE =0.34

log LREU/mL

=

-

-

-
-

-
—“
-
-

-

’,”
-
-
-

-

Inoculated log CFU/mL

-
£
=)
w
14
—
D
°

N =371

Jy=0.70x + 0.52

R2=0.78
RMSE = 0.34

Inoculated log CFU/mL

TABLE 8. GENE-UP quantitative discrepancy (QDgeneur) in poultry wing rinses

Inoculated rinse log N of QDgeneur
CFU/mL range rinses N Mean STD Median Min. Max.
3.00 to 3.99 24 96 -0.52 0.17 -0.52 -0.85 0.38
2.00 to 2.99 24 96 -0.30 0.28 -0.33 -0.89 0.62
1.00 to 1.99 45 179 0.12 0.42 0.13 -0.93 1.19
0.00 to 0.99 24 96 0.39 0.52 0.19 -0.42 1.39
0.00 to 3.99 117 467 -0.05 0.51 -0.11 -0.93 1.39
1.00 to 3.99 93 371 -0.16 0.44 -0.25 -0.93 1.19

Only samples inoculated
K WINMLWO [ Oo G x
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N = 467
4y =069x+0.54
R?=0.79

3 |RMSE =0.34

log LREU/mL

=

-

-

-
-

-
—"
-
-

ﬂ,”
-
-
-

Inoculated log CFU/mL

4
£
=)
|
14
=
(@)
L)

N = 371
y=0.70x + 0.52
R2=0.78

_|RMSE = 0.34

Inoculated log CFU/mL

TABLE 8. GENE-UP quantitative discrepancy (QDgeneur) in poultry wing rinses

Inoculated rinse log N of QDgeneur
CFU/mL range rinses N Mean STD Median Min. Max.
3.00 to 3.99 24 96 -0.52 0.17 -0.52 -0.85 0.38
2.00 to 2.99 24 96 -0.30 0.28 -0.33 -0.89 0.62
1.00 to 1.99 45 179 0.12 0.42 0.13 -0.93 1.19
0.00 to 0.99 24 96 0.39 0.52 0.19 -0.42 1.39
0.00 to 3.99 117 467 -0.05 0.51 -0.11 -0.93 1.39
1.00 to 3.99 93 371 -0.16 0.44 -0.25 -0.93 1.19

Only samples inoculated
Kk UINMLW9 [ Oo U x
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log LREU/mL

GENEUP Quantification Results

N = 467

]y =0.69x + 0.54
R2=0.79 Q.-
_|RMSE =0.34 <

-
-
-
-
-
-

-

ﬁ”
-
-
-
-

-

ﬂ’,
-
-
-

-
-
-
-
-

=

-
-
-
-
-

-

-

P

Inoculated log CFU/mL

YO YO

A Slope of 1 is ideal.
A Y-intercept of 0 is ideal.
A R2=0 completely useless.

A R2=1 linear equation perfectly explains the data.

cq E-

P =2 (parameter estimates)

TABLE 8. GENE-UP quantitative discrepancy (QDgeneup) in poultry wing rinses

Inoculated rinse log N of QDceneue
CFU/mL range rinses N Mean STD Median Min. Max.
3.00t0 3.99 24 96 -0.52 0.17 -0.52 -0.85 0.38
2.00t0 2.99 24 96 -0.30 0.28 -0.33 -0.89 0.62
1.00 to 1.99 45 179 0.12 0.42 0.13 -0.93 1.19
0.00 to 0.99 24 96 0.39 0.52 0.19 -0.42 1.39
0.00 to 3.99 117 467 -0.05 0.51 -0.11 -0.93 1.39
1.00 to 3.99 93 371 -0.16 0.44 -0.25 -0.93 1.19
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log LREU/mL

GENEUP Quant Estimations

TABLE 11. Proficiencies of quantification and threshold methods for identification of poultry wing rinses with
Salmonella concentrations =2 10 CFU/mL

Method N TP FP FN TN Sens Spec PPV NPV FNR FPR Acc

MPN quantification 120 87 3 6 24 0.935 0.889 0.967 0.800 0.065 0.111 0.925
GENE-UP quantification 467 354 42 17 54 0.954 0.563 0.894 0.761 0.046 0.438 0.874

A Based on this data the GENEJP estimate should be

v | JGY | anRdd Bstlhdattlmith a+ 95 Cl ofat least* 0.6 log
_|y=0.69x + 0.54 LREU/miw KO

R?=0.79 :

RMSE = 0.34 )

A *lots of caveats.
FP sicleet © ,
e A Example Result:10 LREU/mL (95% CI 2.5 40 LREU/mL).
Y N
| | 1 |

-1 0 1 2 3 4

Inoculated log CFU/mL
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Published Lower Limit of Quantification 4. CFU/mL.

30 mL of Turkey Rinsate + 30 mL BAXP + Quant Solution.

Enrich at 42°C for 6 hours.

5 uL of BAX €41our-Enrichment to 200 uL BAX Lysis Buffer + Protease
A 37°C for 20 min.A 95 °C for 10 min.A Cool 5 min. =BAX Lysate

BAX Quantification

30 uL of BAX Lysate used with BAX Sal. rtPCR tablet.
NPCR is used to determine the concentration calmonellain the 6-hour enrichment.

4 Technical Repeats of
rtPCRperformed
with each BAX Lysate.

TABLE 9. Technical repeat differences for BAX quantification (TRDgax) of Salmonella
concentrations in poultry wing rinses

Inoculated rinse log N of TRDgax
CFU/mL range rinses | NBLQ N Mean STD Median Min. Max.
3.00 to 3.99 24 1 138 0.60 045 0.49 0.00 2.31
2.00to 2.99 24 5 114 0.63 0.46 0.53 0.00 1.74
1.00 to 1.99 45 41 24 039 0.32 0.32 0.00 1.44
0.00 to 0.99 27 27 na na na na na na

N BLQ, number of rinses with at least one technical repeat with a below limit of quantification or

quantification negative result. STD, standard deviation of the mean. Min., minimum. Max., maximum.

na, not applicable.
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log LREU/mL

pepa ent of AQ
BAX Quant v. 4.22 (published)Estimations
>IN = 480 A Slope of 1 is ideal.
g4y > 089 =114 o0 A Y-intercept of O is ideal.
A PP A RZ=0 completely useless.
3- A R2=1 linear equation perfectly explains the data.
2_
1- YU YO : (*) (*3 P =2 (parameter estimates)
0) 0)
0_
-1

Inoculated log CFU/mL

TABLE 10. BAX quantitative discrepancy (QDgax) in poultry wing rinses
Inoculated rinse log N of QDgax
CFU/mL range rinses N Mean STD Median  Min. Max.
3.00 to 3.99 24 96 -1.35 0.89 -1.27 -3.98 0.50
2.00 to 2.99 24 96 -1.53 0.83 -1.58 -3.10 0.13
1.00 to 1.99 45 180 -1.44 0.64 -1.64 -2.32 0.26
0.00 to 0.99 27 108 -1.00 0.25 -1.02 -1.42 -0.04
0.00 to 3.99 120 480 -1.21 0.78 -1.19 -3.98 0.50
QDgax = BAX log LREU/mL - inoculated rinse log CFU/mL
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log LREU/mL

BAX Quant v. 4.22 (published)Estimations

5 —
N =480 TABLE 10. BAX quantitative discrepancy (QDgax) in poultry wing rinses
4 - y2— Lasi— Lol Inoculated rinse log N of QDgax
R<=0.66 CFU/mL range rinses N Mean STD Median Min.  Max.
3 - RMSE = 0.69 3.00 to 3.99 24 96 -1.35 0.89 -1.27 -3.98 0.50
2.00 to 2.99 24 96 -1.53 0.83 -1.58 -3.10 0.13
2 - 1.00 to 1.99 45 180 -1.44 0.64 -1.64 -2.32 0.26
0.00 to 0.99 27 108 -1.00 0.25 -1.02 -1.42 -0.04
FP 0.00 to 3.99 120 480 -1.21 0.78 -1.19 -3.98 0.50
1 N QDgax = BAX log LREU/mL - inoculated rinse log CFU/mL
0- A 220 Quantifications below LOQ of 0 log CFU/mL.
-1 |
-1 0

Inoculated log CFU/mL

TABLE 7. Proficiencies of quantification and threshold methods for identification of poultry wing rinses with
Salmonella concentrations = 10 CFU/mL

Method N TP FP FN TN Sens. Spec. PPV NPV FNR FPR Acc.

MPN quantification 132 87 3 6 0.935 0.923 0.967 0.857 0.065 0.077 0.932

GENE-UP quantification 515 354 44 17 0.954 0.694 0.889 0.855 0.046 0.306 0.882
BAX quantification 928 151 0 0.406 1.000 1.000 0.414 0.594 0.000 0.581
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BAX Quantification

A Version 4.22 used in this study:.
A Letter asks to re-calc with version 3.7.
January 6, 2025

Dear Valued Customer,

This letter is to inform you that we recently identified cases where estimates of Salmonella levels in samples
are lower than expected when using the BAXE System SalQuant® method, compared to other enumerative
methods, such as MPN or plate counts.

The qualitative results (i.e., Presence or Absence) and sensitivity for the BAX Real-Time Salmonella PCR
assay are not impacted. Further, results generated from SalLimitsE protocols are not impacted.

Upon further investigation, it was determined that a change in how the Ct value is generated for the BAX
Real-Time Salmonella PCR assay in BAX Q7 software versions 3.7 through 5.0 impacts the SalQuant
estimation. The Ct value tends to be higher, which leads to an underestimation of the quantification result.

In order to eliminate this underestimation bias, Hygiena recommends reanalyzing .bax files in BAX Q7
software v3.6 and using the Microsoftt Excel® calculator provided by Hygiena for the purposes of
guantifying Salmonella in samples. Hygiena is available to provide assistance with reanalysis, if needed.

Hygiena is working on a robust solution in BAX software v5.1, expected to be released in February 2025,
that eliminates the underestimation bias in the SalQuant results. The solution will introduce a dedicated
&@alQuantboption in the assay dropdown menu of the BAX Q7 software.




Amplification Plot

Threshold Setting
A Sufficiently above the background fluorescence
Threshold baseline to be confident of avoiding the
amplification plot crossing the threshold
prematurely due to background fluorescence.

A In the log phase of the amplification plot where it is
unaffected by the plateau phase.

|
I
|
I
|
|
|
I
Y

Cf'-valueé‘

-~

Amplification Plot A At a position where the log phases of all

%‘ amplification plots are parallel.
e https:// www.sigmaaldrich.com/US/en/technical -
o documents/technical -article/genomics/qgpcr/data-

| / analysis

https:// www.thermofisher.com/blog/behindthebench
/understanding-ct-values/
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BAX QUANT v4.22 versus v3.7

Ct Value difference % of rinses
Attribute v4.22 v3.7 (N = 120)
N 720 720 Attribute v4.22 v3.7
Mean 1.4 1.1 Difference 2 1.0 Ct 95.0 85.0
Std. Dev. 1.1 1.0 Difference 2 1.5 Ct 85.0 66.7
Median 1.2 9.8 Difference 2 2.0 Ct 71.7 43.3
Min 9.0 9.9 A Each rinse had 4 technical repeats: A, B, C, D.
Max 5.8 7.4 A Each rinse had six differences: AB, AC, AD, BC, BD, CD.
w» 2 1.8 Ct 58.1 44 .2
A 2 1.5 Ct 41.5 26.7
o 2 2.8 Ct 28.2 15.3
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BAX QUANT v4.22 versus v3.7

No arbitrary values

log difference :
. log difference
Attribute v4.22 v3.7 Attribute va.22 V3.7
N 720 720 N 276 372
Mean 0.4 0.3 Mean 0.6 9.3
Std. Dev. 0.5 0.4 Std. Dev. 0.4 0.4
Median 0.2 0.2 Median 9.5 0.2
Min 0.0 0.0 Min 0.0 0.0
Max 2.3 2.9 Max 2.3 2.9
% 2 1.0 log 15.4 6.1 % 2 1.0 log 19.6 5.4
% > 1.5 log 3.6 1.4 % 2 1.5 log 4.0 1.9
% > 2.0 log 0.1 0.6 % 2 2.0 log 0.4 0.8
No arbitrary values
% of rinses % of rinses
(N = 120)
Attribute v4.22 v3.7
Difference 2 1.0 log 40.0 16.7 Difference 2 1.0 log 58.7 14.5
Difference 2 1.5 log 14.2 3.3 Difference 2 1.5 log 19.6 4.8
Difference 2 2.0 log 0.8 1.7 Difference 2 2.0 log 2.2 1.6




Published Results
Software v4.22 b1.12281

BAX QUANT v4.22 versus v3.7

Hygiena Reanalysis

Analysis v4.22.0.9784 “Software v3.6” A Slope worse.
5N =480 5 | N =480 52 A Y-intercept worse.
y=089X—114 y=135x_142 e A 2
_, 4-R?=066 . 4-{R?>=0.77 ,/"Li] A R*improved.
= RMSE = 0.69 ° § _El RMSE = 0.81 % # A RMSE worse.
S 37 S 34 -
I&J L
5 2- 5 2 -
S 1- S 14
0+ 0-
-1 -1 T T | T 1
-1 -1 0 1 2 3 4
Inoculated log CFU/mL Inoculated log CFU/mL
A Slope of 1 is ideal.
A Y-intercept of 0 is ideal. YD YO tw o
A R?=0 completely useless. O 0

A R2=1 linear equation perfectly explains the

data.

P =2 (parameter estimates)
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log MPN/mL

log LREU/mL

AQ al Reseas
Depa O OT AQ
97 N=120 MPN »
447 0.99x -0.01 //;6;0
R? =0.91 o ol
3 | RMSE =0.34
2_
1 -
0- o
-1 T T T 1
-1 0 1 2 3
Inoculated log CFU/mL
5-{N =480 BAX v4.22 (published)
y =0.89x — 1.14
4-{R%*=0.66 o®
RMSE = 0.69 ° g
3_
2_
1 -
o_
-1

Inoculated log CFU/mL

log LREU/mL

log LREU/mL

Linear Regressions
5_

GENE-UP

N = 467
4]y =069x+0.54
R2=0.79

3JRMSE=034 o

-
-~
-

-
-
e
=T
=

-
-
P

o ks
-
o
-

Inoculated log CFU/mL

N =480 BAX Reanalysis %~
>y = 1.35x— 1.42 e y 2
4-4{R?>=0.77 .
RMSE = 0.81 1

A Slope of 1 is ideal.

A Y-intercept of 0 is ideal.

A R2=0 completely useless.

A RZ=1 linear equation perfectly explains the data
YD YO

P =2 (parameter estimates)

Inoculated log CFU/mL
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BAX QUANT v4.22 versus v3.7

TABLE X. Proficiencies of quantification methods for identification of poultry wing rinses with Salmonella concentrations = 10 CFU/mL

Method N TP FP FN TN Sens Spec PPV NPV FNR FPR Acc

MPN quantification 120 87 3 6 24 0935 0.889 0.967 0.800 0.065 0.111 0.925

GENE-UP quantification 467 354 42 17 54 0954 0.563 0.894 0.761 0.046 0.438 0.874

BAX quantification (Hygiena Reanalysis) 480 208 1 164 107 0.559 0.991 0.995 0.395 0.441 0.009 0.656
BAX quantification (published) 480 151 0 221 108 0.406 1.000 1.000 0.328 0.594 0.000 0.540

TP, true positive. FP, false positive. FN, false negative. True negative. Sens., sensitivity. Spec., specificity. PPV, positive predictive
value. NPV, negative predicative value. FNR, false negative rate. FPR, false positive rate. Acc, accuracy.

IP+ TN
IP+ FP+ FN + TN

Acc =
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Salmonella PILOT Poisson Limit One Tube) Threshold Test

A Similar in concept to MPN. Both are based on Poissdprobability Distribution.
A Poisson applications include customer arrivals for a specific hour (restaurants, websites, etc.), traffic

Probability

accident frequency, number radioactive decay events during a defined periotiumber of lottery
winners.

Poisson Probability Distribution

ar 5 ('rq y4 =
U o
2 =) m
0.6 ®\=05
LLH 1 ° ;\\f 12 PiLOT Equation for Liquids
o\=3 A =
0.4 T 2 |3 FEunp: ‘ pél Ip U
0.3- ) N
0.2
o1 > Schmidt, et al. Evaluation of methods for
Y Gcduas identifying poultry wing rinses with
0 Salmonella concentrations greater than
Simeon Poisson (178171 1840) or equal to 10 CFU/mL. J. Food Prot.

Mathematician & Physicist 87:100362 (2024) 44




Prob. of Salmonella Positive

F=1rm® T

—~~ PILOT-95 -+ PILOT-86 -c PiLOT-63  -#~ PiLOT-50

"P" Prob. Salmonella Positive Test

0.95=-

Q. 0.50=

r 1T rrrrrrrrrrrrrrrrrl
01 23 456 7 8 9 10 1 1213 14 1516 17 18 19 20

CFU/mL

Schmidt, et al. Evaluation of methods for identifying poultry wing
rinses with Salmonella concentrations greater than or equal to 10
CFU/mL. J. Food Prot87:100362. doi:10.1016/j.jfp.2024.100362

Rinse "C" PiLOT-95 PiLOT-86 PiLOT-63 PiLOT-50
Sal. CFU/mL v =0.30mL v = 0.20 mL = 0.10 mL v = 0.87mL
8.1 9.03 0.02 0.01 0.01
1 0.26 8.18 8.10 8.87
2 0.45 0.33 0.18 0.13
3 8.59 0.45 0.26 8.19
4 0.70 8.55 8.33 0.24
5 8.78 8.63 8.39 8.30
6 9.83 8.70 0.45 0.34
7 9.88 8.75 8.50 8.39
8 0.91 0.80 8.55 0.43
9 9.93 9.83 ©.59 0.47
106 8.95 8.86 0.63 8.50
11 8.96 8.89 8.67 8.54
12 0.97 9.91 0.70 0.57
13 0.98 8.93 0.73 0.60
14 0.98 0.94 8.75 0.62
15 8.99 8.95 8.78 8.65
16 8.99 8.96 0.80 8.67
17 8.99 8.97 0.82 8.70
18 1.00 8.97 0.83 0.72
19 1.00 0.98 0.85 0.74
20 1.00 8.98 8.86 8.75
30 1.00 1.00 8.95 0.88
40 1.00 1.80 8.98 8.94
50 1.00 1.00 8.99 0.97

P<0.50 n ®ph< 035 PX nodgp
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PILOT-95 Method For 10 CFU/mLSalmonella Threshold

3 A

{ =0 __1 _3 _3 3 _ | .
JSSSS8E ¢ _wc,  Commerd
) - i Y
s v o 12 h (BAX)

Salmonella cells/mL

48 Tests/Block

Schmidt, et al. Evaluation of methods for identifying poultry wing rinses with
Salmonella concentrations greater than or equal to 10 CFU/mL. J. Food Prot87:100362.
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TABLE x. Proficiencies of quantification and threshold methods for identification of poultry wing rinses with Salmonella concentrations
=10 CFU/mL

Method N TP FP FN TN Sens Spec PPV NPV FNR FPR Acc
MPN quantification 87 3 6 24 0935 0.889 0.967 0.800 0.065 0.111 0.925
PiLOT-86 threshold 81 9 0 1.000 0.609 0.900 1.000 0.000 0.391 0.913
GENE-UP quantification 354 0.954 0563 0.894 0.761 0.046 0.438 0.874
PiLOT-63 threshold 0914 0.652 0.902 0.682 0.086 0.348 0.856
PiLOT-95 threshold 0 1.000 0.304 0.835 1.000 0.000 0.696 0.846
PiLOT-50 theshold 0.852 0.739 0.920 0.586 0.148 0.261 0.827

BAX quantification (reanalysis)

BAX quantification (published) 480 0.406 1.000 1.000 0.328 0.594 0.000 0.540

TP, true positive. FP, false positive. FN, false negative. True negative. Sens., sensitivity. Spec., specificity. PPV, positive predictive
value. NPV, negative predicative value. FNR, false negative rate. FPR, false positive rate. Acc, accuracy.

Method Time to Result Financial Cost Technical Burden Notes
MPN o+ D Verv High Verv High Gold Standard
Quant. ays eryHig eryrig since 1950s
GENE-UP % 4 hours Medium High AOAC Certified
Quant.
BAX . . e
= 10 hours Medium Medium AOAC Certified
Quant.
PiLOT = 12 hours ot s USMARC
Threshold (can be shorter) edium ow Developed




CFU/g Thresholds

Depa ent or AQ s
MILG 4 Isolation and Identification of Salmonella Revision: 14 (Replaces: .13 Effective: 06/05/23

United States Department of Agriculture
Food Safety and Inspection Service

MLG 4.14

Isolation and Identification of Salmonella from
Meat, Poultry, Pasteurized Egg, Siluriformes (Fish)
Products and Carcass and Environmental Sponges
i o

MLG 4 Isolation and Identification of Salmonella Revision: 14 (Replaces: .13) Effective: 06/05/23

Table 3. Sample Preparation and Enrichment Guide

Product Sample Preparation Incubation
Portion Size Enrichment Amount Cultural or rapid
determined by volume or weight i
Ready-to-Eat Meat,

Poultry and 325+65¢ 975+ 19.5 mL BPW 35+ 2°C for
Siluriformes Products 18 — 24 hr.
Raw Poultry Products 325+£325¢ 1625 + 32.5 mL BPW 35+ 2°C for

20—24 hr.
i 325+325¢ 975+ 19.5 mL mTSB 42%1°C for
Beef Mixed Products 15— 24 hr.
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Equations for Salmonella Thresholds

Solids

pél Ip 0 ¢°Q i
NEQ
(= sample size in grams
i =volume of liquid used to suspendQ

P = Poisson probability of detection
“Y=Salmonella Threshold in CFU/g

Liquids

pgl ip 0
~

P =Poisson probability of detection
“Y=Salmonella Threshold in CFU/mL

Schmidt, et al. Evaluation of methods for identifying poultry wing rinses with

Salmonella concentrations greater than or equal to 10 CFU/mL. J. Food Prot87:100362.
doi:10.1016/j.jfp.2024.100362
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